Wind Erodibility of Soils in North Kordufan State, Sudan by Abohum Tawer, Fatima
Wind Erodibility of Soils in North Kordufan State, Sudan  
By :  
Fatima Abohum Tawer 
 
B.Sc. (Honors, 2000), Forestry and Range Science,  
Faculty of Natural Recourses and Environmental Studies  
University of Kordufan 
Supervisor:  
Prof. Mukhtar Ahmed Mustafa  
 
A dissertation submitted to the University of Khartoum in partial 
fulfillment of the requirements for M.Sc. in Desertification and 
Desert Cultivation Studies Institute  
University of Khartoum 
                                                  May 20011
ii 
 
Dedication 
 
gÉ à{x áÉâÄ Éy Åç ytà{xÜ 
gÉ à{x áÉâÄ Éy Åç  ÅÉà{xÜA 
gÉ Åç  {âáutÇw Åç  áÉÇá 
gÉ Åç uÜÉà{xÜá   tÇw Åç  á|áàxÜáA 
gÉ Åç yÜ|xÇwá  tÇw Åç  vÉÄÄxtzâxáA 
j|à{  ÄÉäx  tÇw  ÜxáÑxvàA 
 
Ytà|ÅtA 
  
 
iii 
 
Acknowledgments 
 
My  gratitude  to  Allah   who  provides  me with   health and  strength . I  would  
like   to  express my  sincere  gratitude  to  my  supervisor, professor Mukhtar 
Ahmed  Mustafa  for  his valuable advice  and  directions  throughout the study. 
Thanks are also extended to Mr. Gumaa Makki and Gamal Kapashi for their help 
during field sampling 
My gratitude is extended to Mr. Yousif Ali                                                      
Also thanks are extended to all persons who supported me in undertaking this 
study. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iv 
 
Abstract 
Wind erodibility of soil (WE) is a prime factor for the predication, 
assessment and mapping of wind erosion. Thus, this study was 
undertaken to generate wind erodibility data, their relationship to relevant 
soil properties and plotting them in a map for North Kordufan State. 
Surface soil samples (0-3cm) were collected from fifty farms(beldat), 
scattered all over the State, and non-erodible soil particles (NEP > 0.84 
mm), wind erodibility and relevant physical and chemical soil properties 
were determined using standard procedures.  
The mean clay, silt and sand percentages ranged from 3.0 to 6.9, 0.3 to 
6.4 and 90.0 to 96.6, respectively. The textures of the studied soil 
samples were sand with mean sand percentage equal to 93. The mean 
percentage of NEP ranged from 1.4 to 24.3, with a mean of 13.3 and the 
overall mean coefficient of variation (CV) for all samples was 5.6%. The 
NEP was low because of the lack of appropriate cementing agents. The 
mean percentage of WE ranged from 186.7 to 641 tons/ha, with a mean 
of 310.2 tons/ha.  The variation in WE may be due to variation in the 
sand size fractions. For North Kordufan State, WE can be predicted from 
knowledge of NEP according the following equation:  
            WE (ton/ha) = -148.3 Ln (NEP) + 658.83 (r2 = 0.9894) 
This equation accounts for 99% of the variation of WE.  
NEP and WE did not correlate with primary soil particles or their ratios 
due to lack of variation in the texture of the studied soil samples.  
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 ﺍﻟﺘﻌﺭﻴﻴﺔ ﺍﻟﺭﻴﺤﻴﺔ ﻟﻠﺘﺭﺒﺔ ﻓﻲ ﻭﻻﻴﺔ ﺸﻤﺎل ﻜﺭﺩﻓﺎﻥ
  ﺍﻟﻤﺴﺘﺨﻠﺹ
ﻟﺫﺍ  . ﺍﻟﺭﻴﺤﻴﺔ  ﺔﺍﻟﺭﻴﺎﺡ ﻟﻠﺘﺭﺒﺔ  ﻋﺎﻤﻼ ﺭﺌﻴﺴﻴﺎ ﻟﺘﻘﺩﻴﺭ  ﻭﺘﺨﺭﻴﻁ  ﺍﻟﺘﻌﺭﻴ  ﺔﺘﻌﺭﻴﻴﺘﻌﺘﺒﺭ    
ﺨﻭﺍﺹ ﺍﻟﺘﺭﺒﺔ  ﺒﺍﻟﺘﺭﺒﺔ ﺒﺎﻟﺭﻴﺎﺡ   ﻭﻋﻼﻗﺎﺘﻬﺎ   ﻴﺔﺍﺠﺭﻴﺕ  ﻫﺫﻩ  ﺍﻟﺩﺭﺍﺴﻪ ﻻﺴﺘﺨﺭﺍﺝ   ﺒﻴﺎﻨﺎﺕ  ﺘﻌﺭﻴ
 - 0)ﺠﻤﻌﺕ  ﻋﻴﻨﺎﺕ  ﺘﺭﺏ  ﺴﻁﺤﻴﻪ  .  ﻁﺔ ﻟﻭﻻﻴﺔ ﺸﻤﺎل  ﻜﺭﺩﻓﺎﻥﻴﻭﻭﻀﻊ ﻫﺫﻩ ﺍﻟﺒﻴﺎﻨﺎﺕ ﻓﻲ ﺨﺭ
ﻤﻨﺘﺸﺭﻩ  ﻓﻰ ﺍﻨﺤﺎﺀ ﺍﻟﻭﻻﻴﻪ  ﻭ ﺘﻡ  ﺘﻘﺩﻴﺭ  ﺍﻟﺤﺒﻴﺒﺎﺕ   (ﺒﻠﺩﺍﺕ)ﻤﺯﺭﻋﻪ    ﻤﻥ  ﺨﻤﺴﻴﻥ( ﺴﻡ 3
ﻭﺘﻌﺭﻴﻴﻪ  ﺍﻟﺭﻴﺎﺡ  ﻭﺒﻌﺽ  ﺨﻭﺍﺹ   ﺍﻟﺘﺭﺒﻪ (  ﻤﻡ 48.0 <ﻗﻁﺭﻫﺎ )  ﺔﻏﻴﺭ ﺍﻟﻘﺎﺒﻠﻪ  ﻟﻠﺘﻌﺭﻴ
ﺍﻟﺴﻠﺕ  ﻭﺘﺭﺍﻭﺤﺕ  ﻗﻴﻡ   ﻤﺘﻭﺴﻁﺎﺕ ﺍﻟﻁﻴﻥ .  . ﺍﻟﻔﻴﺯﻴﺎﺌﻴﻪ   ﻭﺍﻟﻜﻴﻤﻴﺎﺌﻴﻪ  ﺒﺎﺴﺘﺨﺩﺍﻡ ﻁﺭﻕ ﻗﻴﺎﺴﻴﺔ
. ﻋﻠﻰ ﺍﻟﺘﻭﺍﻟﻲ% 6.69ﻭ  %0.09، ﻭ %4.6ﻭ % 3.0ﻭ ، %9.6ﻭ  %0.3ﻭﺍﻟﺭﻤل ﻤﺎ ﺒﻴﻥ
ﺍﻟﺤﺒﻴﺒﺎﺕ ﻏﻴﺭ   ﺔﺘﺭﺍﻭﺤﺕ  ﻨﺴﺒ ، ﻭ%3.39ﻗﺩﺭﻩ ﻴﺴﻭﺩ ﻗﻭﺍﻡ ﺍﻟﺭﻤل ﻜل ﻤﻨﻁﻘﺔ ﺍﻟﺩﺭﺍﺴﺔ ﺒﻤﺘﻭﺴﻁ 
ﻭﻜﺎﻥ ﻤﻌﺎﻤل ﺍﻟﺘﺒﺎﻴﻥ ﻟﻜل  ﻋﻴﻨﺎﺕ  ،%3.31ﺒﻤﺘﻭﺴﻁ ﻗﺩﺭﻩ  3.42ﻭ 4.1 ﺍﻟﻘﺎﺒﻠﺔ ﻟﻠﺘﻌﺭﻴﺔ ﻤﺎ ﺒﻴﻥ  
 ﻤﻭﺍﺩﺔ ﻟﻠﺘﻌﺭﻴﺔ  ﻗﻠﻴﻠﺔ  ﻨﺴﺒﺔ ﻟﻘﻠﺔ ﻭﺠﻭﺩ ﻟﻘﺩ ﻜﺎﻨﺕ ﻗﻴﻡ  ﺍﻟﺤﺒﻴﺒﺎﺕ ﻏﻴﺭ ﺍﻟﻘﺎﺒﻠ%.  6.5ﺍﻟﺘﺭﺒﺔ 
ﺘﺭﺍﻭﺤﺕ ﻨﺴﺏ  ﺘﻌﺭﻴﻴﺔ ﺍﻟﺭﻴﺎﺡ ﻟﻠﺘﺭﺒﺔ ﻤﺎ ﺒﻴﻥ   . ﻻﺼﻘﺔ ﺘﺭﺒﻁ ﻫﺫﺓ ﺍﻟﺤﺒﻴﺒﺎﺕ ﻤﻊ ﺒﻌﻀﻬﺎ ﺍﻟﺒﻌﺽ
ﻴﻌﺯﻯ ﻫﺫﺍ ﺍﻟﺘﺒﺎﻴﻥ ﻓﻰ ﻗﺩ ﻫﻜﺘﺎﺭ ﻭ/ﻁﻥ 013ﻜﺎﻥ ﻤﺘﻭﺴﻁﻬﺎ  ﻭﻫﻜﺘﺎﺭ / ﻁﻥ 146ﻭ  7.681
                               .             ﺍﻟﺘﻌﺭﻴﺔ ﺍﻟﻰ ﺍﻟﺘﺒﺎﻴﻥ ﻓﻰ ﺤﺠﻡ ﺤﺒﻴﺒﺎﺕ ﺍﻟﺭﻤل ﺍﻟﻤﺘﺤﺭﻜﺔ 
ﻴﻤﻜﻥ ﺍﻟﺘﻨﺒﺅ ﺒﻘﻴﻡ  ﺘﻌﺭﻴﻴﺔ ﺍﻟﺭﻴﺎﺡ ﻟﻠﺘﺭﺒﺔ ﻤﻥ ﻤﻌﺭﻓﺔ ﺍﻟﺤﺒﻴﺒﺎﺕ ﻏﻴﺭ ﺍﻟﻘﺎﺒﻠﺔ  ،ﻟﻭﻻﻴﺔ ﺸﻤﺎل ﻜﺭﺩﻓﺎﻥ
  : ﻟﻠﺘﻌﺭﻴﺔ ﻭﻓﻘﺎ ﻟﻠﻤﻌﺎﺩﻟﺔ ﺍﻟﺘﺎﻟﻴﺔ
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ﻻ ﺘﻭﺠﺩ ﻋﻼﻗﺔ ﺒﻴﻥ  ﺍﻟﺤﺒﻴﺒﺎﺕ  ﻏﻴﺭ ﺍﻟﻘﺎﺒﻠﺔ ﻟﻠﺘﻌﺭﻴﺔ  ﻭ ﺍﻟﺘﻌﺭﻴﻴﺔ ﺍﻟﺭﻴﺤﻴﺔ ﻭﺤﺒﻴﺒﺎﺕ ﺍﻟﺘﺭﺒﺔ ﻤﻨﻔﺭﺩﺓ ﺍﻭ ﻨﺴﺏ ﻫﺫﺓ ﺍﻟﺤﺒﻴﺒﺎﺕ 
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CHAPTER ONE 
INTRODUCTION 
Desertification is the main constraint of sustainable biological development. Its 
main direct impact is the loss of the productive capacity of the land resulting in 
food insecurity, economic instability, increased level of poverty, and political 
unrest through tribal conflict over scarce natural resources. Other important 
effects include impairment of human and animal health, community 
displacement and overall environmental degradation through impoverishment of 
biodiversity loss of biomass, and humus reserve. Furthermore, desertification 
promotes climate change. 
According to chapter 12 agenda 21 of the Earth Summit held in 1992, 
desertification has been defined as a process of land degradation in arid, semi-
arid and dry sub-humid areas resulting from various factors including climatic 
variation and human activities.               
Sudan is one of the sudano-sahelian countries which was seriously affected by 
drought and desertification since the late sixties. Desertification processes in 
Sudan occur to varying degrees in the areas lying between lat. 10o and 18 oN and 
traverses the country from eastern to the western boarder in the northern part of 
the Sudan, thirteen States out of 26 are affected to varying degrees by 
desertification, namely, the Northern, Elneil, Red sea, Kassala, Gadarif, 
Khartoum, Gezira, Sennar, White Nile, West Kordufan, West Darfur, North 
Kordufan and North Darfur. In several areas in Northern, Northern Kordufan 
and Northern Darfur States sand accumulated over consolidated sandy clay and 
clay soils and shallow sand encroachment has covered all vegetation as far south 
as 15o N. In other areas moving dunes are in the process of covering both 
 
 
irrigated and rain-fed agricultural lands and villages. These desertified States 
cover an area of 178 million hectares, i.e. 72% of the total area of the country. 
North of Sudan is a desert with micro-climate around the Nile system. 
Desertification decreases as you go south wards (Anonymous, 1985, Salih, 
1996). 
Recent assessments showed that severe and very severe soil degradation cover a 
total area of 58 million hectares, while land degradation totaled 75 million 
hectares, including that vegetation degradation of 17million hectares 
(UNEP/ISRIC) (GLASOD, 1990; Dregne et al., 1991; Ayoub, 1998). Soil 
degradation was highly correlated with human population activity.  
The most degraded zones were the arid and semi-arid zones where 76% of the 
human population lives. Most of the population of the affected States relies 
heavily on the natural resources (cultivation of marginal sandy soil, tree and 
vegetation cutting for fuel and construction of huts and over grazing) for 
subsistence. In 1983, Dregne estimated that fifty million people had lost the 
capability to support themselves due to desertification, and had abandoned their 
agricultural way of life and settled in over crowded cities. UNEP (1983) 
estimated that a total of 4.5 billion hectares around the world, i.e. 35% of earth 
surface, reached different stages of desertification and approximately 850 
million people living under threat of losing their homes and livelihood;no place 
inhabit these areas in all continents. Africa experiences the highest rate of 
desertification.   
Wind erosion is defined as "the soil physical process by which dry, loose and 
fine surface soil particles are moved down wind or picked up and transported by 
wind and the soil surface material is abraded by the wind born particles. The 
process is a two–step process, detachment of soil particles from the soil mass 
 
 
and their transport by wind (Mustafa, 2007). Wind erosion is a major 
desertification process in the dry land of the world. However, limited wind 
erosion can occur in humid regions if vegetation is sparse or absent during the 
dry season.  
The conditions, which promote wind erosion, include; loose and finely divided 
soil, sparse or no vegetation cover, a relatively smooth surface, threshold 
velocity and a relatively large expanse of open land. Wind erosion reduces 
current and potential soil productivity, decreases seedlings' survival and growth, 
depresses crop yield, lowers the marketability of vegetable crops, increases 
susceptibility of plant to certain types of stress, including diseases, and 
contributes to transmission of some plant pathogens  
Wind erosion is controlled by two main factors, namely soil erodibility and wind 
erosivity. Wind erodibility is a prime indicator of the vulnerability of the soil to 
wind erosion and hence it was used for its prediction (Woodruff and Siddoway, 
1965). Recently a national research project on the assessment and mapping of 
wind erodibility in some affected States was initiated (Medani and Mustafa, 
2003; Mustafa and Medani, 2003; Abd Elwahab et al., 2010). However, there is 
lack of data on wind erodibility of the agricultural soils in North Kordufan State.  
Thus, the present research was undertaken to achieve the following objectives:         
1) Estimation of wind erodibility (WE) of fifty samples soil surface samples 
collected from different geo-referenced farms widely spread in North Kordufan 
State.  
2) Mapping the spatial variation of WE in North Kordufan State using GIS. 
 
 
 
CHAPTER TWO 
LITERATURE REVIEW 
Desertification is a major constraint of sustainable biological development in 
Sudan. It limits the productivity of cropland, forestland and rangeland. This 
environmental problem is rampant in arid, semi-arid and dry sub-humid areas. It 
is caused by climatic variation and adverse human activities and climate change. 
Land misuse pressures such as overgrazing, irrational cultivation, wood cutting, 
uprooting of shrubs for fuel, lowering of water table due to increased water use 
are the predominant direct causes. Any one of these human activities may cause 
severe desertification. For example if overgrazing deteriorated the rangeland to 
the point where it is no longer sufficiently productive to sustain the livelihood of 
the pastoralists, desertification is considered very severe. 
2.1 Desertification processes  
Land degradation is the loss of the present and potential productivity of the land. 
When land degradation occurs in the arid, semi-arid and dry sub-humid areas, it 
is called desertification. So land degradation can occur in any climatic zone and 
it is temporary. However, desertification is continuous and it passes through 
several stages before reaching the final one, which is desert. Desertification 
processes include soil erosion by wind or water, degradation of the vegetation 
cover, salinization and sodication, reduction of organic matter, soil crusting and 
compaction, accumulation of substances, which are toxic to plants and animals, 
in soil (Anonymous, 1979).  
2.2 Wind erosion  
Wind erosion is defined as "the soil physical process by which dry, loose and 
fine surface soil particles are picked up and transported by wind or pushed along 
 
 
the soil surface down wind and the soil surface material is abraded by the wind 
born particles. The process is a two–step process, detachment of soil particles 
from the soil mass and their transport by wind (Mustafa, 2007). Wind erosion is 
a major desertification process because it spreads widely allover the world, and 
it has great adverse impact on soil, plant, animal and the overall livelihood of 
the affected population.  
Wind erosion is a global problem, it affects all arid and semi arid lands of the 
world. However, its impact is very severe in developing countries.  
Sometimes the sand grain striking the surface will cause splash that throws other 
sand grains in to the air. If the surface is covered by vigil and stable soil 
particles that can not be removed wind, such as pebbles a salutation soil particle 
will strike the surface and continue its movement by salutation. 
Wind erosion is the removal soil particles by the force and kinetic energy of the 
wind, these soil particles are transported and deposited when wind energy drops, 
this process has two distinct phases, namely, detachment of soil particles from 
the soil mass and transport of these particles by wind. 
2.2.1 Causes of wind erosion 
As indicated by the definition desertification is caused by climatic variation and 
human activities. These are short-term causes. Climate change is also a cause 
and consequence of desertification. 
2.2.1.1 Adverse climatic variation 
Climatic variation is the normal temporal variation of the elements of climate, 
e.g. rainfall, temperature, wind speed, drought periods etc. The climate of arid 
and semi-arid zones is highly variable, particularly in rainfall. Low and erratic 
variation of rainfall is characteristic of dry lands, which have no particular 
 
 
rainfall distribution pattern. Drought periods of one to two years are normal in 
these regions. Prolonged periods of droughts may also occur. However a 
drought period may be followed by a high rainfall period. In general the 
coefficient of variation of the mean annual rainfall ranges from 100-50% in the 
arid, 50-25% in the semi-arid and <25% in the dry sub-humid regions (Mustafa, 
2007). Some studies showed that rainfall variability increase with decrease in 
mean annual rainfall (Nicholls, 1991); Hogkinson, 1992). 
In some dry land drought periods are found to alternate with periods of above 
average mean annuals rainfall causing flooding. High aridity is an adverse 
climatic condition that creates fragile ecosystems, which can easily be upset by 
adverse human activities. 
 In view of the fact the dry land cover about 11.4% of the globe, there must be a 
linkage between climatic variations in these dry lands and the global climatic 
system. 
2.2.1.2 Adverse human activities 
Word population is increasing at a rate that makes it increasingly difficult to 
meet its food demand. Most of this population growth occurs in the developing 
countries in many of which crop production takes place under arid and semi-arid 
conditions. It was estimated that 76% of the population of North Sudan live in 
the climatic zones prone to wind erosion. In the rural areas, the poor people 
depend on the natural resources of their fragile ecosystem to sustain their 
livelihood. The irrational use of their fragile ecosystems causes desertification 
Thus, the predominant cause of desertification in the rural areas of developing 
countries desertification is human activities, which include the following:  
 
 
 
(a) Cultivation of marginal lands 
Unsustainable cultivation of marginal lands exhausts the soil fertility which is 
very difficult to recover in these dry lands. Dry lands are incapable of restoring 
their life-support systems because they are not resilient. The pressures exerted 
by tractors my pack the soil to a depth of 30 or more centimeters, where as 
tillage implement such as plows may compact a sub soil layer at the point where 
the implement presses on the soil. Cultivation of marginal lands is especially 
dangerous when dry years follow a year of rainfall, because ploughed soils will 
be at the mercy of wind and water erosion. Fine clay and silts will be carried a 
way and may form dunes. The major problem is stripping of the land from its 
vegetation for farming and grazing. 
(b) Overgrazing 
The degradation process that is the most common in rangeland begins with 
livestock overgrazing the desirable perennials and annuals, leaving the way open 
for invasion or increase of less palatable grasses forbs, and shrubs. (V.S.S.R, 
1977, Department of the environment, 1977; Bernuss; 1977 Heady and 
Bartolome, 1977). 
Continued overgrazing and animal trampling may cause increased runoff and 
accelerated erosion. Desertification of grazing land becomes extreme when 
destruction of vegetation leads to the formation of massive gullies or dunes. 
Moreover, the type of soil, water resources, socio economic condition and 
population density are important factors for mitigating or accelerating the 
process. 
 
 
 
 
(c) Wood cutting: 
Wood plant species on grazing lands are cut for fuel wood, building, 
implements, (bus fencing) for many purposes. Their removal exposes the soil, 
increase wind erosion and water erosion. 
(d) Fire  
Fire can improve or degrade the rangeland; the difference is when the burning is 
done and how the land is managed subsequently. In the semi-arid and sub-humid 
regions, fire can control the spread of undesirable shrubs and encourage the 
growth of palatable grasses. However if it is done at the wrong time, it can 
increase soil erosion by denuding the land just when protection is needed from 
pounding rain drop. Thus, how firing is done determines whether its effects are 
good or bad (Wright and Britoon, 1976)  
2.2.1.3 Climate change: 
Climate change is the permanent change in the main elements of climate 
resulting in increase of decrease in the areas of the climatic zones (Mustafa, 
2007). It is mainly caused by the emission of green house gases, e.g. CO2, CH4. 
These green house gases absorb the infra-red radiation emitted by the earth and 
transmit it back to the earth causing rise in temperature, i.e. global warming. 
Global warming is mainly caused by the emission of CO2 by industrial factories, 
which use fossil fuel as a source of energy. Thus, industrial countries are 
responsible of causing global warming.   
The climate system is a complex out come of the interactions of multiple 
processes operating within the atmosphere, oceans, geosphere, cry sphere 
(glaciers, sea ice, and continental ice caps) and biosphere. 
 
 
The most striking evidences of the effect of the overgrazing on albedo was seen 
in satellite images of the Sinai-Negev border (Oherman, 1981, Sangan et 
al.,1979), suggested that anthrogenic environmental change, including 
accelerated wind erosion have been responsible for climate changes during the 
past several millennia . Proof is difficult to obtain but the evidence is highly 
suggestive on a regional scale if not, global. 
 Toon and Pollack (1980) concluded that soil, soot and sulfates arising from 
human activity probably are warming some regions of the earth while cooling 
others.  
2.2.2. Effects of wind erosion: 
Wind erosion is the greatest threat to continued dry land cropping and it is the 
principal process by which desertification occurs. Mustafa (2007) summarizes 
the on-site, off-site and national impacts of wind erosion.  
2.2.2.1 On-site effect: 
 Wind erosion reduces crop productivity due to reduction of soil fertility caused 
by removal of fine soil particle and organic matter from the top soil, degradation 
of soil structure and mal-redistribution or loss of agrochemicals, e.g. fertilizers 
and pesticides. Sand blasting may also over blow plant seedlings and reduce the 
quality of the produce. Dust storms may delay working days. The overall impact 
is reduction of economic return. The on-site costs of erosion are necessarily 
borne by the farmer although they may be passed all or in part to the community 
in terms of higher food prices as yields decline, or land goes out of production 
due to loss of productivity.  
Organic matter is lost first. This will diminish the productivity of the soil 
(Dregne, 1983).The transported material may be deposited down wind to 
 
 
become part of the landscape. However the wind may also transport salt from 
seas and oceans and cause salinization, which is also a desertification process 
(Mustafa, 2007).  
2.2.2.2 Off-site effects:  
These effects include accumulation of sand on ditches, irrigation canals, water 
reservoirs, houses etc. Sand accumulation shortens the design life of reservoirs. 
Many hydro-electrical and irrigation projects have been ruined as a consequence 
of erosion sediment, which is also a pollutant in its own right, and through the 
chemicals adsorbed to it, can increase the level of soil salinity and sodicity, 
nitrogen and phosphates in water bodies and results in eutrophication. The 
farmer bears little of the off-site costs, which fall on local authorities.  
2.2.3 Mechanisms  
Soil particles are transported by the following three mechanisms: 
2.2.3.1 Saltation: 
 It is the bouncing of particles off the soil surface bed into the air stream and 
moving forward before returning to the surface with an angle of descent of about 
60 – 120 particles cause dislodgment and movement of smaller (< 0.1 mm) or 
larger (> 0.5 mm) soil particles than those moved by salutation (0.1 – 0.5 mm 
diameter). Smaller particles move by suspension and larger one move by surface 
creep. 
2.2.3.2 Surface creep:  
It is the rolling of larger particles (> 0.5 mm). They are moved by strong winds 
or by the impact of saltating particles. A surface of pebbles can be filled by sand 
in this way until more sand can be trapped. Bagonld (1942) found that the 
movement of sand sheet would be accelerated as it passes over surface of a bare-
 
 
sand stretch. Bagnold (1942) suggested that this would never happen with 
vegetation since the vegetation would continually grow and add to the sand–
trapping ability of the vegetated patch. 
2.2.3.3 Suspension: 
Particles smaller than about 0.1 mm may enter suspension and be carried to 
great heights by eddies of the erosive wind , the impact of saltation particle 
usually initiates the movement of these fine particles. Although most soil is 
moved by saltation and surface creep the movement by suspension is the most 
spectacular and easily recognized from a distance (Mustafa, 2007). 
2.2.4 The mechanics of wind erosion 
Soil movement is initiated when the force (pressure), of the wind against the 
surface soil grains overcomes the force of gravity on the grain, also the impact 
of salutating grain initiated movement of larger and denser grains and alert dust 
particles. The difference in static pressure at the top of the grain as compared to 
the bottom of the grain causes a lift on the grain (Chepil and Woodruff, 1959).  
2.2.4.1 The surface wind profile  
In general, soil movement is related to the surface wind profile. When the wind 
is slow, the air will move steady in the form of layers parallel to the surface. 
This flow is referred to as laminar or streamlines flow. But when the wind 
velocity is strong enough and exceeds a critical value, the flow changes from 
streamline to the turbulent flow. The average forward velocity of the wind near 
the ground increases logarithmically with height above the ground surface. The 
rate of increase of wind velocity with the logarithm of height, i.e. the velocity 
gradient is known as the shear velocity (V*). This shear velocity determines the 
 
 
shear stress or drag exerted on the ground surface (ρaV*2), where ρa is the air 
density.  
2.2.5 Factors influencing erosion 
The factors controlling wind erosion are wind erosivity and soil erodibility, 
which may be referred to as wind erodibility, and the soil surface roughness, 
which affects wind erosivity.  
2.2.5.1 Wind erosivity 
There are two indices of wind erosivity, namely the pressure of the wind and the 
index proposed by Skidmore and Woodruff (1968) both indices are dependent 
on wind velocity. The relationship between the pressure of the wind (P, N m-2) 
acting on a surface perpendicular to its direction and wind velocity (V, m sec-1) 
is expressed by the following equation: 
 
P = (ρa /2) V2          (1) 
 
Where ρa = the air density (kg/m3) and it depends on the air temperature (t, oC) 
and barometric pressure (P, kPa) expressed in kilopascal by the following 
equation:  
ρa = [1.293/ (1+0.00367T)]. P/101.3 (2) 
From knowledge of temperature and barometric pressure, it is possible to 
calculate P as a function of V. From the above equation: for T = 15 oC and P = 
101.3 kPa, the air pressure is given by the following equation: 
 
 
 
P = 0.0628 N m-2 
 
Skidmore and Woodruff (1968) developed the following erosivity index:  
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Where Ewj is the wind erosivity value for jth direction, Vtij is the mean wind 
velocity for the ith velocity group for velocities above a threshold velocity, 
taken as 19 km/h, and jth direction, and fij is the duration of wind for the ith 
velocity group and jth direction. Expanding this equation for total wind erosivity 
(Ew) over all directions yield the following equation: 
 
 
 
Where vectors j = 0 to 15 represent the 16 principal compass directions 
beginning with j = 0 = E and working antilock wise so that j = 1 = ENE and so 
on. 
The main elements of soil surface roughness that affect directly wind velocity 
and hence wind erosivity are: 
(a) Vegetation cover: 
Vegetation reduces wind velocity. The important elements of vegetation that 
affect wind velocity are  height and density, since these determine the extent to 
which air flow  contacts the ground surface and influences the  mean 
aerodynamic height. The height and density of the vegetation will vary with type 
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of vegetation and time. Chepil and Woodruff (1963 ) stated that grasses and 
legumes are most efficient in establishing a dense cover. And it is necessary that 
species selected be capable of growing under the local ecological or site 
condition and they must be suitable for the soil type and climate and preferably. 
Plant residues are also effective in reducing wind velocity. Their impact depends 
on type and mode of application. Standing residues (stubble) are more efficient 
in velocity control than flat residues.  
(b) Clods and non-erodible fraction: 
 It was observed that erosion continues until sufficient particles of non-erodible 
elements provide cover and shelter to erodible particles. The point at which this 
cover is just sufficient to prevent movement from continuing or starting is called 
critical surface barrier ratio or critical surface roughness constant (Chepil, 
1950). 
 (c) Ridges:  
Ridges may reduce wind erosion by providing shelter and trapping of erodible 
soil particles. Ridges produced by contour farming significantly reduce wind 
flow velocity. Ridges consisting of only erodible elements are of little value 
because they will be vulnerable to erosive wind and become ineffective in short 
duration. Similarly, tall ridges expose the top most particles to stronger wind, so 
that in some circumstances ridges may increase rather than decrease the amount 
of wind erosion.  
(d) Field shelterbelt: 
The term shelterbelt means row or multiple rows of trees and/ or a hedge placed 
at right angles to the wind tunnel and field studies showed that placing a barrier 
across wind lines causes greatest reduction of wind velocity on the leeward and 
 
 
smaller reduction to the windward. Chepil and Woodruff (1963) suggested that 
the maximum amount of protection is provided by a barrier whose cross-section 
is either triangular or sloping to the wind ward rather than vertical to the wind 
ward. Furthermore, shelterbelts and wind breaks provide fuel wood, increase 
moisture for increased crop yields, reduce evaporation, increase livestock gains, 
and provide wild life refuge (Van Eimern et al., 1964).  
(e) Local change in soil topography  
Wind erosion and soil loss increase rapidly with both increased slope and length 
of field. 
2.2.5.2 Soil erodibility:- 
Soil erodibility is a complex parameter related to many interacting soil 
characteristics. It is an indirect measure of the vulnerability of the soil to 
detachment by erosive agents, e.g. wind or water. It is a quantitative estimate of 
the ability of the soil to resist erosion based on physical characteristics of each 
soil. Since soil erodibility for wind is related to dry soil conditions, it is 
sometimes referred to as wind erodibility to distinguish it from soil erodibility 
related to water erosion. Wind erodibility depends on soil topography, slope 
steepness, soil mechanical disturbance, e.g. tillage and soil properties. Soil 
properties are the main determinants of wind erodibility. Several indices were 
used for estimating wind erodibility. Comprehensive summary of these indices 
are presented in Morgan. 
2.2.5.3 Erodibility factors 
(a) Particle–size distribution 
In general, large soil particles are resistant to transport because of the greater 
wind pressure required to entrain them, and the fine colloidal particles like clay 
 
 
are resistant to detachment because of their cohesiveness. Thus, soil with high 
silt content is highly erodible. Richter and Negendean (1972) found that soils 
containing 40% to 60% silt content were the most erodible. and Evans (1980 ) 
indicated that soils with restricted clay fraction between 9 to 30 percent were the 
most erodible. Woodruff and Siddoway (1965) related an erodibility factor in 
their wind loss equation with the long–term average percentage of soil particles 
with diameter greater than 0.84 mm. These particles were considered non-
erodible (NEP) and their percentage was used for estimation of wind erodibility 
(WE). 
(b) Organic matter  
The organic matter acts as a cementing agent of soil aggregates. Evans (1980) 
stated that soils with less than 3.5% organic matter could be considered erodible. 
So organic matter in sandy soils increases their water-holding capacity, while in 
clay soil it improve the soil structure water infiltration and aeration, Vorney, 
Van Veen and Paul (1981) suggested that soil erodibility decreases linearly with 
increasing organic matter content over the range of 0 to 10%. Ekwue (1990) 
found that soil detachment by rain drop impact decreased exponentially with 
increasing organic matter content in the range 0-12%. 
(c) Aggregate stability  
The elements that enhance soil aggregation are the derivatives of organic matter, 
e.g. polysaccharides. In general, soil erodibility decreases with increase of 
organic matter. Aggregate stability depends on type of the clay mineral present. 
For example smectite more readily forms aggregates, but the more open lattice 
structure of this mineral, and its swelling and shrinkage characteristic (especially 
montmorillonite) makes the aggregates unstable.  
 
 
 
(d) Calcium carbonate (CaCO3) 
Increasing quantities of soil CaCO3 up to 10% decreased soil erodibility (Black 
and Chanasyk, 1989). Chepil and Woodruff (1954) stated that increasing CaCO3 
from 3 to 10%, decreased soil erodibility. In sandy soils CaCO3 may act as a 
cementing agent, and therefore reduce wind erosion. In general, exchangeable 
sodium percentage causes dispersion of clay soils and thereby increases soil 
erodibility. As the exchangeable sodium percentage increases the replacement of 
Ca++ and Mg++ ions increases and so does water uptake and soil swelling causing 
aggregate collapse ( Mustafa, 2007). 
(e) Shear strength  
The shear strength of a soil is a measure of its cohesiveness and resistance to 
shearing forces exerted by gravity, moving fluids and mechanical loads. Soil 
shear strength is derived from the frictional resistant met by its constituent 
particles when they are forced to slide over one another or to move out of 
interlocking positions, stresses or forces absorbed by solid - to solid contact 
among the particles, cohesive forces related to chemical bonding of the clay 
minerals, and surface tension forces within the moisture films in unsaturated 
soil. 
(f) ECe and SAR  
In general, ECe increases and SAR decreases the flocculation of soil particles. 
Thus, aggregation increases with increase in ECe and decreases with increase in 
SAR (Hamid and Mustafa, 1975). It is expected that ECe decreases, while SAR 
increases soil erodibilty. 
 
 
 
 
2.3 The Geographic information System (GIS)  
2.3.1 Introduction 
The GIS is a system for management, analysis and display of geographic 
knowledge, which is represented using a series of information sets. ESRIC 
(1993) defined GIS “An organized collection of computer hardware software, 
geographic data, and personal, designed to efficiently capture, store, update, 
manipulate, analyze and display all forms of geographically referenced 
information. The ultimate purpose of GIS is to combine spatial data from 
diverse sources together in order to describe and analyze interaction, to make 
prediction with models to provide support for decision makers GIS perform four 
main function data inputs data management, data manipulation and analysis, and 
data output. GIS produces information that answer specific question and allow 
sharing that information with others. Much of GIS analysis and description 
consists of investigating the properties of geographic features and determining 
the relationships between them. 
GIS integrates common database operation such as query and statistical analysis 
with the unique visualization and geographic analysis benefits offered by maps. 
These abilities distinguish GIS from other information system and make it 
valuable to a wide range of public and private sectors for explaining event, 
predicting out comes and planning strategies. The real power in GIS is through 
using spatial and statistical method to analyze attribute and geographic 
information.  
2.3.2 Application of GIS in natural resources 
The effective use of large spatial data volumes is dependant upon the existence 
of an effective geographic handling and processing system to transform into 
useable information. In order to get the proper management and monitoring of 
 
 
natural resources, GIS represents the most effective mechanism for making use 
of data captured by remote sensing systems and also enhances the effectiveness 
of this data capture operation through correlation of data input with data already 
stored in the GIS . 
Computerized mapping and spatial analysis have been developed 
simultaneously in several related field. 
2.3.3 Application of GIS in desertification  
The holistic approach using GIS will allow mangers concurrently to observe 
study, and monitor the effects and consequences of a particular decision on 
combating desertification within a large geographical area. Baban (1998) and 
Doka (1980) studied soil resources and area affected by desertification in central 
Sudan using remote sensing and GIS techniques. They found that rangeland and 
cropland is experiencing a decline in productivity and increase in environmental 
deterioration due to wind erosion resulting in a reduction in peoples' income.   
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER THREE 
STUDY AREA,  MATERIALS AND METHODS 
3.1 The study area  
This study was conducted in North Kordufan State, which lies between latitudes 
12° and 16° 5′N and longitudes 27° and 32°  25′E. The economic activities of 
the local community include crop farming, livestock raising and gum production 
(Taha, 2000). Bashir (1993) noted that most of the household in Kordufan State 
belong to the same tribes and are governed by the same rules that regulate land 
tenure. 
The population in North Kordufan State is growing at an increasing rate 
(Khairy, 2007) and the major tribes are, Bederia, Magannen Dar hamid, and 
some nomatic tribes such as Shanabla, Kawahla and Kababish.  
The soil is sand, and sand quos dominates the heavy red sand in the south. It is 
suitable for growth of trees and cenchrus grass. Clay and loamy soils occupy 
limited water-courses areas (kheran) and they are used for growing crops.  
In general, the ground is hard, leveled and intercepted with numerous hilly 
outcrops (Abd El-salam, 1990). Both soil types include different grades 
according to the nature of formation, origin and content. The topography of the 
area is characterized by scattered undulated sand dunes. These dunes extend 
over large areas, e.g. Albasheri, Altaweel El humera and Bara. The presence of 
these localized active dunes is continuous threat to villages and agricultural 
lands in these areas (Hag El-tahir, 1996). 
Two air movements affect the climate of North Kordufan State. A very dry 
movement from the north reaching its southern limit in mid winter and a major 
airflow of maritime origin that carries moisture, and enters from the south and 
 
 
brings rains. The rainfall occurs from mid June to October and reaches its peak 
in July and August. There is a general decreasing trend in amount and duration 
of rain through time. The mean annual rainfall ranges from 177 mm to 281 mm. 
There is low seasonal and annual variation in temperature. The hot months are 
April and May with a mean maximum temperature of 39-40oC and the cooler 
months are December to January with a mean minimum temperature of 8-13oC 
(Abd El-nasir, 2003)  
The study area falls within the semi –desert scrub vegetation zone, which is 
characterized by its annual rainfall ranging from 75 mm to 300 mm, the majority 
of plant species are drought tolerant. Also the vegetation cover in the area was 
extremely affected by land use pattern, particularly rain-fed agriculture, which 
led to the continuous clearance of vegetation cover ( Abd El-Nassir, 2003), 
heavy grazing also imposed adverse changes on the composition of plant species 
to the extent that some of the most palatable plant species are hardly found. The 
commonly encountered tree species include: A. senegal, A. tortilis Zizphus Spina 
Christi, Faidherbia albida, Balanites aegyptica, Leptodenia pyrotechnica and 
Calotropis procera. On the other hand, the main grasses in the State were Geu 
(Annual aristida spp.), Biro (Eragrostis spp), Hskaneit ( Cenchrus spp ) and 
simaima (Hyparrhinia hirta ) cenchrus spp and simaimia (Hyparrhinia hirta ) 
(Khairy, 2007).  
The major food crops that are produced in the study area are millet, grown 
mainly in sandy soils and sorghum, the major cash crops are sesame, karkadi 
and waternmelon. 
 
 
 
 
3.2 Materials  
The soil samples for the study were obtained from fifty farms widely spread in 
N. Kordufan State. The farms were geo-referenced using a GPS (Table 3.1 and 
Map 3.1). The soil samples were collected from agricultural fields after land 
preparation for season 2008-2009. Three surface soil samples (0-3 cm) per field 
were carefully collected randomly across the agricultural field using a spade, 
and the samples were carefully placed in bags to avoid fragmentation of 
aggregate and saved for the measurement of the non-erodible soil particles and 
the soil chemical and physical properties. Two kilograms were collected from 
each location.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3.1. Names and co-ordinates of sampling locations  
No. Location Lat. Long No. Location Lat. Long. 
1. Abgarindo 12.9 31.04 26. Alkeryb 13.21 30.01 
2. Gabal Kurbag 13.24 30.00 27. Dankuge 13.44 30.30 
3. Breima 13.26 30.26 28. Omshegeel 13.51 30.32 
4. Elmanara 12.66 30.66 29. Faragalla 13.36 30.27 
5. Om habella 12.79 30.63 30. Elko 13.15 30.46 
6. Hamdella 12.86 30.62 31. Eladiadat 13.21 30.4 
7. Elsemyh 12.72 30.01 32. Awlad Basher  13.39 30.27 
8. Shag Elwindi 12.71 30.72 33. Algellaba 13.20 30.21 
9. Elaan 13.03 30.66 34. Alaraid 13.17 30.45 
10. Gabal Kordufan 13.02 30.33 35. Fawree 13.21 30.35 
11. Kaba 13.08 30.18 36. Elhmadia  13.19 30.46 
12. .Elrahad 12.67 30.66 37. Elshegala 13.43 29.98 
13. Elbeliat 12.7 31.76 38. Eltlushi 13.52 30.41 
14. Elkhegigab 13.05 30.19 39. Omfatial 13.49 29.99 
15. Elkhor Elabiat 13.05 30.20 40. Eltewer 13.48 29.99 
16. Elmulbas 13.03 30.22 41. Elsafia 13.45 29.98 
17. Garafi 13.12 29.70 42. Mawedda 13.45 29.96 
18. Wad  Elmukashfi 13.16 29.88 43. Elmonzafa 13.09 30.51 
19. Awlad  Gebreil 13.17 30.14 44. Wadi Eldufur 13.42 29.96 
20. Elmamsuka 13.15 29.91 45. Mehebuba 13.44 29.97 
21. Elnumeir 13.12 29.01 46. Elaiara 13.18 29.93 
22. Abu goad 13.15 29.10 47. Sefwa 13.42 30.16 
23. OM semeema 13.12 29.6 48. Megabella 13.09 30.41 
24. Algelabia 13.17 29.09 49 Hella Gabush 12.01 30.88 
25. ELadiad  13.19 30.02 50. Sheikan 12.98 30.30 
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Fig 3.1. Study area: Location of check sites in the field  
 3.3 Methods  
3.3.1 Estimation of wind erodibility of soils  
Wind erodibility of a soil was determined by the standard dry- sieving method 
proposed by Chepil and Woodruff (1959); manual sieving instead of rotary 
sieving was adopted. The soil samples were air-dried in the laboratory, stones 
and straw (if any) were removed. Each sample was weighted and sieved 
through 0.84 mm conventional sieve and the weight of the particles > 0.84 mm 
(NEP) was determined. Table 3.2 was used to determine wind erodibility index 
expressed in tons/ha. 
3.3.2 Chemical and Physical Analysis 
For each soil sample, particles less and greater than 0.84 mm were pooled 
together, thoroughly mixed, ground, sieved through 2 mm sieve and saved for 
the determination of various chemical and physical properties. Particle–size 
distribution was determined using the hydrometer method described by Black 
et al. (1965). Electrical conductivity of the saturation extract (ECe) was 
measured using a conductivity meter. Calcium (Ca) and Magnesium (Mg) were 
determined by titration against EDTA according to the method described by 
Chapman and Pratt (1961) Organic carbon was determined using the dry-
aching method proposed by Fredrick and reported by Ibrahim (1991) and 
organic matter (OM) was calculated. Sodium (Na) was determined by a flame 
photometer. Sodium adsorption ratio (SAR) was calculated as follow:  
SAR = Na+/ √[(Ca+++Mg++)/2], 
Where ionic concentrations were substituted in   mmol+/1 (me/l). 
3.3.3 Mapping of WE using GIS 
Arc View GIS program was used to produce the wind erodibility map for N. 
Kordufan State. These maps were made using the following steps: 
(i) The data was saved in BDF4 format. 
 (ii) The boundary of N. Kordufan State was made. 
(iii) The Arc-View GIS program software program was imported. 
(iv) The BDF4 format was converted to shape file. 
(v) The N. Kordufan State map was imported. 
(vi) The N. Kordufan State map with sample locations was made. 
(vii) The data was manipulated and a WE map was made using 
interpolation method.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 CHAPTER FOUR 
RESULTS 
4.1 Soil properties 
Particle-size distribution and texture classes of the soil samples of the studied 
farms are presented in Table 4.1. 
The mean clay (C) content of the individual soil samples ranged from 3.0 to 
6.9%. The standard deviation (SD) and coefficient of variation (CV) of the 
replicate determination for the different farms ranged from 0.00 to 0.89 and 
from 0.00 to 19.1%, respectively. The overall CV for all samples was 4.4%.  
The mean silt content (Si) of the individual soil samples ranged from 0.3 to 
6.4%. The SD and CV for the replicate soil samples ranged from 0.00 to 0.28% 
and from 0.3 to 6.2%, respectively. The overall mean CV for all samples was 
1.9. 
The mean sand content (S) of the individual soil samples ranged from 90.0 to 
96.6% .The SD and CV of the replicate determinations for the different farms 
samples ranged from 0.00 to 1.27 and from 0.00 to 1.4%, respectively. The 
overall mean CV for all samples was 0.3%.  The textures of all the soil samples 
were sand. 
Table (4.2) presents pH, the mean organic matter (OM) and the electrical 
conductivity of the saturation extract (ECe) of the soil samples of the studied 
farms. The mean OM of the surface soil samples ranged from 1.2 to 4.4%. 
Values of SD and CV for the individual soil samples ranged from 0.00 to 0.18 
and from 0.0 to 8.3%, respectively. The overall mean CV for all samples was 
2.5%.  
The mean ECe values ranged 1.1 dS/m to 6.0 with SD and CV for the 
individual soil samples 0.00 to 0.72 and from 0.0 to 12.1%, respectively. The 
overall CV value was 2.5%. 
 4.2 NEP and WE 
Table 4.3 shows the mean percentage of non-erodible soil particles (NEP) and 
wind erodibility (WE) of the soil samples of the studied farms. 
Table 4.1. The mean percentage of clay, sand and silt, and soil texture  
Soil  No Clay STD CV Sand STD CV Silt STD CV texture 
1 6.1 0.49 8.1 93.0 0.14 0.2 0.80 0.28 0.6 sand 
2 4.9 0.42 8.6 93.8 0.49 0.5 1.45 0.07 1.4 sand 
3 6.0 0.25 4.1 93.7 0.35 0.4 2.20 0.14 2.3 sand 
4 5.4 0.25 4.6 93.5 0.14 0.2 0.55 0.07 0.5 sand 
5 5.7 0.04 0.6 92.0 0.14 0.2 1.45 0.07 1.5 sand 
6 4.8 0.28 5.9 94.0 0.07 0.1 3.30 0.14 3.2 sand 
7 4.8 0.89 19.1 94.0 0.14 0.2 2.30 0.14 2.2 sand 
8 5.3 0.60 11.3 93.7 0.35 0.4 2.20 0.14 2.1 sand 
9 5.6 0.60 10.8 93.6 0.00 0.0 1.65 0.07 1.6 sand 
10 5.8 0.28 4.8 93.2 0.07 0.1 1.86 0.06 1.8 sand 
11 5.5 0.08 1.4 93.9 0.07 0.1 0.50 0.00 0.5 sand 
12 5.6 0.04 0.6 93.8 0.14 0.2 2.40 0.14 2.3 sand 
13 6.9 0.03 0.4 90.6 0.28 0.3 1.80 0.14 1.9 sand 
14 5.7 0.15 2.6 94.0 0.07 0.1 0.50 0.00 0.5 sand 
15 6.1 0.11 1.7 93.4 0.35 0.4 1.10 0.14 1.0 sand 
16 5.5 0.08 1.4 94.2 0.35 0.4 1.20 0.07 1.3 sand 
17 5.7 0.11 1.9 93.9 0.00 0.0 0.25 0.00 0.3 sand 
18 5.9 0.00 0.0 93.8 0.21 0.2 1.45 0.07 1.4 sand 
19 5.5 0.18 3.2 92.7 0.57 0.6 2.25 0.07 2.2 sand 
20 5.5 0.10 1.8 93.9 0.28 0.3 2.20 0.07 2.3 sand 
21 5.8 0.18 3.1 93.8 0.21 0.2 0.55 0.03 0.5 sand 
22 6.8 0.14 2.1 92.8 0.21 0.2 0.46 0.01 0.5 sand 
23 6.5 0.14 2.2 90.0 1.27 1.4 4.28 0.04 4.3 sand 
24 6.2 0.15 2.4 92.9 0.07 0.1 1.25 0.07 1.2 sand 
 Table 4.1 continued  
25 5.2 0.11 2.0 94.2 0.35 0.4 1.60 0.14 1.5 sand 
26 6.8 0.18 2.6 92.9 0.07 0.1 1.55 0.07 1.5 sand 
27 5.2 0.28 5.4 93.8 0.49 0.5 2.35 0.07 2.3 sand 
28 5.4 0.04 0.7 94.0 0.57 0.6 2.07 0.03 2.1 sand 
29 5.6 0.00 0.0 92.2 0.14 0.2 2.30 0.00 2.3 sand 
30 5.3 0.14 2.7 92.6 0.00 0.0 2.03 0.03 2.1 sand 
31 5.4 0.00 0.0 92.7 0.14 0.2 1.51 0.08 1.5 sand 
32 5.3 0.25 4.7 94.1 0.42 0.5 2.10 0.07 2.1 sand 
33 6.2 0.14 2.3 93.7 0.07 0.1 1.45 0.07 1.4 sand 
34 6.9 0.00 0.0 92.6 0.00 0.0 4.30 0.14 4.2 sand 
35 6.5 0.74 11.4 94.0 0.57 0.6 1.55 0.07 1.5 sand 
36 5.3 0.11 2.0 94.1 0.00 0.0 5.60 0.14 5.5 sand 
37 6.1 0.07 1.2 93.5 0.14 0.2 5.63 0.18 5.5 sand 
38 5.9 0.78 13.1 93.8 0.21 0.2 6.35 0.21 6.2 sand 
39 5.6 0.04 0.6 93.8 0.14 0.2 1.70 0.07 1.8 sand 
40 5.9 0.35 5.9 94.3 0.57 0.6 0.75 0.00 0.8 sand 
41 5.3 0.18 3.4 92.5 0.21 0.2 2.65 0.21 2.5 sand 
42 5.5 0.71 12.8 92.6 0.00 0.0 2.35 0.07 2.3 sand 
43 4.7 0.55 11.7 92.4 0.07 0.1 1.20 0.07 1.2 sand 
44 5.1 0.35 6.9 95.6 0.28 0.3 1.77 0.03 1.8 sand 
45 5.8 0.57 9.9 94.3 0.21 0.2 1.10 0.07 1.2 sand 
46 5.1 0.34 6.6 92.9 0.35 0.4 1.60 0.14 1.5 sand 
47 3.2 0.15 4.6 94.0 0.14 0.2 1.75 0.07 1.7 sand 
48 3.0 0.15 5.0 96.2 0.07 0.1 2.10 0.07 2.1 sand 
49 5.1 0.07 1.4 96.6 0.21 0.2 1.67 0.11 1.8 sand 
50 4.4 0.07 1.6 91.9 0.35 0.4 1.45 0.07 1.4 sand 
Mean   4.4   0.3   1.9  
 
 Table 4.2. Soil pH, organic matter (OM) content and ECe 
soil No pH OM (%) STD CV(%) ECe (dS/m) STD CV (%)
1 4.4 1.70 0.07 4.2 2.2 0.18 7.9 
2 7 1.48 0.10 6.7 4.3 0.08 2.0 
3 6.3 2.57 0.04 1.4 5.1 0.04 0.8 
4 6.5 1.69 0.09 5.5 3.1 0.01 0.2 
5 6.3 3.67 0.01 0.4 2.1 0.12 5.6 
6 6.5 1.67 0.02 1.3 6.0 0.72 12.1 
7 5.7 1.79 0.15 8.3 3.3 0.10 3.0 
8 5.2 1.83 0.08 4.6 3.0 0.18 5.9 
9 5 1.43 0.03 2.0 3.3 0.16 4.7 
10 5.4 2.83 0.11 3.8 2.3 0.21 9.1 
11 5.4 1.85 0.12 6.5 4.1 0.01 0.3 
12 3.8 2.33 0.03 1.2 5.2 0.07 1.4 
13 5.2 2.15 0.07 3.3 4.2 0.18 4.2 
14 7.6 1.24 0.00 0.0 5.2 0.21 4.1 
15 4.7 1.25 0.01 0.6 5.5 0.06 1.0 
16 5.5 1.29 0.03 2.2 4.2 0.02 0.5 
17 6.5 2.52 0.09 3.7 3.1 0.01 0.2 
18 7 3.70 0.01 0.4 3.7 0.11 3.1 
19 6.6 1.32 0.01 1.1 2.1 0.01 0.7 
20 5.6 1.18 0.05 4.2 4.4 0.01 0.2 
21 6.1 1.84 0.08 4.2 3.1 0.01 0.5 
22 7.4 1.66 0.03 1.7 2.2 0.01 0.3 
23 6.3 1.47 0.11 7.7 4.1 0.00 0.0 
24 7.7 1.71 0.02 1.2 5.5 0.49 9.1 
25 5.1 4.43 0.07 1.6 4.3 0.04 0.8 
26 5.9 1.94 0.16 8.0 2.4 0.06 2.4 
27 6.3 1.77 0.03 1.6 2.3 0.04 1.8 
 Table 4.2 continued  
28 6.3 2.71 0.18 6.5 4.4 0.06 1.5 
29 7.4 2.52 0.01 0.3 2.2 0.07 3.2 
30 6.3 1.33 0.02 1.6 4.3 0.02 0.5 
31 6.3 1.55 0.04 2.3 2.1 0.01 0.3 
32 6.2 1.32 0.01 1.1 2.1 0.07 3.4 
33 5.1 1.76 0.01 0.8 5.2 0.02 0.4 
34 6.8 1.64 0.08 4.8 4.3 0.14 3.3 
35 7.5 1.52 0.01 0.9 3.3 0.14 4.3 
36 6.3 2.34 0.01 0.3 2.3 0.02 0.9 
37 7.5 1.55 0.04 2.3 1.4 0.00 0.0 
38 6.8 1.32 0.01 0.5 4.5 0.04 1.0 
39 6.4 1.76 0.01 0.4 2.2 0.01 0.3 
40 6.5 2.65 0.02 0.8 1.1 0.01 1.3 
41 6.1 1.19 0.03 2.4 5.6 0.35 6.4 
42 6.4 1.87 0.03 1.5 4.3 0.18 4.3 
43 5.8 2.16 0.04 2.0 2.2 0.01 0.6 
44 6.5 1.77 0.06 3.6 3.2 0.04 1.1 
45 5.7 2.67 0.01 0.5 1.8 0.07 3.8 
46 7.5 2.51 0.03 1.1 2.2 0.03 1.3 
47 6.7 2.22 0.03 1.3 3.2 0.05 1.5 
48 6.7 2.17 0.03 1.3 3.1 0.01 0.5 
49 7.4 1.70 0.02 1.3 2.2 0.04 1.9 
50 5.9 1.58 0.02 1.3 4.2 0.03 0.7 
Mean  2.0  2.5 3.4 0.09 2.5 
 
 
 
 Table 4.3   Mean NEP and wind erodibility (WE) of the soil samples  
Soil  No NEP(%) STD CV (%) WE (ton/ha) 
1 4.6 0.32 6.9 417.2 
2 15.4 0.93 6.0 258.4 
3 13.2 0.51 3.9 278.2 
4 24.2 0.60 2.5 196.2 
5 19.6 0.79 4.0 223.2 
6 16.3 1.01 6.2 250.3 
7 14.2 0.58 4.1 269.2 
8 2.2 0.05 2.3 546.6 
9 10.9 0.71 6.5 294.6 
10 13.1 0.93 7.1 279.1 
11 20.4 0.59 2.9 217.2 
12 21.2 1.81 8.6 211.6 
13 19.1 0.98 5.1 227.2 
14 20.9 0.35 1.7 213.7 
15 12.7 0.40 3.1 282.1 
16 21.5 1.30 6.0 209.5 
17 21.6 0.35 1.6 208.8 
18 19.3 0.52 2.7 225.6 
19 12.1 0.93 7.7 286.0 
20 24.3 0.61 2.5 195.8 
21 1.4 0.10 7.1 641.0 
22 21.1 0.10 0.5 293.3 
23 13.9 1.21 8.7 271.9 
24 13.9 0.81 5.8 271.9 
25 14.3 0.49   3.5 268.3 
26 21.8 0.79   3.6 207.4 
27   6.2 0.03   0.5 367.6 
28   4.4 0.40   9.1 423.8 
29   2.3 0.20   8.7 539.9 
30 22.2 1.56   7.0 285.6 
31   8.3 0.73   8.7 329.4 
32 11.9 0.67   5.6 287.7 
33   9.2 0.80   8.7 311.2 
34   8.4 0.51   6.1 327.2 
35 11.6 1.06   9.1 389.8 
 Table 4.3 Continued 
36 15.6 0.80   5.1 256.6 
37 11.0 0.27   2.4 294.0 
38 11.0 0.35   3.2 294.0 
39   8.5 1.54 18.1 325.0 
40   2.5 0.15   6.2 526.5 
41   4.5 0.21   4.7 420.5 
42   3.6 0.31   8.7 459.4 
43   1.4 0.11   7.9 641.0 
44 25.9 2.28   8.8 186.7 
45 22.4 0.74   3.3 204.4 
46 18.7 1.02   5.4 231.0 
47 14.1 0.63   4.5 270.1 
48 11.4 0.62   5.5 291.2 
49 11.6 0.77   6.7 289.8 
50   9.2 0.45   4.9 311.2 
Mean  0.7   5.6  
 
 
The mean percentage of NEP (soil particles >0.84mm) ranged from 1.4 to 
24.3%. Values of SD and CV for the individual soil samples ranged from 0.05 
to 1.8 and from 0.5 to 18.1% respectively. The overall mean CV for all samples 
was 5.6%.  
 
The mean percentage of WE ranged from 186.7 to 641ton/ha, with a mean of 
310.2 ton/ha. For North Kordufan, WE of a soil having a measured value can 
be predicted from knowledge of NEP according the following equation (Fig. 
4.1).  
 
            WE (ton/ha) = -148.3 Ln (NEP) + 658.83 (r2 = 0.9894) 
  
This equation accounts for 99% of variation of WE.  
            
WE = -148.3Ln(NEP) + 658.83
r2 = 0.9894
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Fig. 4.1. Wind erodibility (WE) as a function of non-erodible (NEP) soil 
particles 
4.3 Classification of WE 
Wind erodibility was divided into the following four classes (low, moderate, 
high, and very high) according to the average of erodibility values of the soil 
samples (Fig. 4.2) 
WE range (ton/ha) Class 
180-285 Low 
285- 390 Moderate 
390 - 410 High 
410 - 600 V.High 
 Fig. 4.2 Classification of WE  
Soils of low erodibility occurred  
Soils of moderate erodibility occurred  
Soils of high erodibility occurred 
Soils of very high erodibility occurred 
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Fig.  4.3 The percentage of samples within a given WE class 
The benefits of using GIS techniques to show the erodibility add more 
generalization to the area 
Table 4.4. Soil erodibility ( ton/ha ) as a function of percentage of non-erodible 
soil particles ( > 0.84 mm) (NEP) as determined by standard dry sieving  
NEP 
(%) 
Soil erodibility (ton / ha) 
0 1 2 3 4 5 6 7 8 9 
0 - 695 560 493 437 404 381 359 336 314 
10 300 294 287 280 271 262 253 244 238 228 
20 220 213 206 202 197 193 186 182 177 170 
30 166 161 159 155 150 146 141 139 134 130 
40 126 121 117 114 112 108 105 101 96 92 
50 85 80 75 70 65 61 58 54 52 49 
60 47 45 43 40 38 36 36 34 31 29 
70 27 25 22 18 16 13 9 9 7 7 
80 4 - - - - - - - - - 
 
 
 
 CHAPTER FIFE 
GENERAL DISCUSSION, CONCLUSION AND RECOMMENDATIONS 
5.1 Discussion: 
Wind erosion which is the major desertification process in Sudan is affected by 
two main factors: Soil erodibility and wind erosivity. 
Erodibility is estimated from knowledge of NEP percent using a standard Table 
(Woodruf and Sidoway, 1965). NEp are considered to be soil particles which 
can't be entrained by erosive wind. 
The result of soil samples of the North Kordufan State gave positive correlation 
between NEP with clay, CaCO3,andOM content. In contrast sand content 
showed negative correlation with NEP. These results agree with all previous 
studies (e.g., Mustafa and Medani, 2003; Rehan, 2004; Mohamed, 2004; Abd 
El wahab, 2005).  
Clay particles and the derivatives of OM after decomposition acted as 
cementing agents and promoted the formation of NEP 
The calcium ions of CaCo3, in spite of their low solubility, promoted 
flocculation and hence increased aggregation. This explain why the correlation 
between clay , CaCO3, and OM with NEP percentage were found positive. 
Sand particles don't form aggregates in the absence of cementing agents 
because they are ultimately inert quartz. The relatively low content of organic 
matter on the soil samples is attributed to the hyper-arid and arid climates of 
the North Kordufan State which don't favor the establishment of good plant 
cover. Silt content didn't give significant correlation with NEP. That my be due 
to the different of silt on NEP in the different samples. In general silt particles 
are the least resistant to wind erosion, moreover soils with 40 to 60 % silt 
content are the most erodible soils ( Morgan, 1995; Richter and Negendank, 
1977). 
 The correlations between WE with soil properties were the reverse of the 
relationship between NEP and these indicators. 
Accountability of some variables for WE was slightly higher than that for NEP, 
while accountability for WE of the other variables was slightly lower than that 
for NEP. The relation between silt content and WE gave a significant 
correlation, but with very low of the variability of WE. The positive correlation 
between WE and silt agrees with previous findings (Mustafa and Medani, 
2003; Rehan, 2004). 
In general, most of the North Kordufan State soils are highly erodible. This 
may be attributed to the geographic location of the State in the dry zone where 
low or absent rains, scares vegetation. 
5.2 Conclusion: 
Wind erodibility of the North Kordufan State soils is high. The study showed 
highly significant correlations between NEP or WE with some physical and 
chemical soil properties namely, clay, sand, and OM contents. The variability 
for both NEP and WE.  
5.3 Recommendation 
- It  is recommended  to predict NEP from  the generated  empirical 
formula  and  lookup WE  from  the  standard  Table. 
- When there is no enough data, NEP, can be predicted from the empirical 
equation of clay content. 
- To a chive more precise assessment and mapping of WE, it is strongly 
recommended to collect good data to cover all the study area.  
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